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In a recent preliminary communication (1) we described briefly the 
isolation  by  cataphoresis  of  vaccine  virus  from  rabbits  entirely 
recovered from infection with it.  By the method the virus can be 
concentrated from suspensions of tissues which fail to reveal infectivity 
in  the  usual  tests  of  animal inoculation.  We  suggested  that  the 
immunity in virus diseases may be linked with the persistence in the 
body of living virus.  In the present paper we intend'to elaborate 
the  subject  and  to  offer  additional  experiments  to  support  our 
conclusions. 
The presence of virus in animals  recot~r  ed from narious virus  infections.  One 
of the outstanding instances of prolonged retention of a virus after recovery was 
that described  by de Kock (2),  in which  the blood of a horse proved infectious 
seven years after an attack of equine pernicious  anemia.  As concerns  foot-and- 
mouth disease (3), it was reported that a bull was infectious 2½ years after recovery 
(Bang), and cattle after six months (Loeflter); that the blood of a dead guinea pig 
contained the virus  198  days  after  inoculation  (Fortner),  and  that  material 
from the hoof of a healed ~nlmal yielded the active agent 34 days after infection 
(Olitsky, Traum, and Schoening).  Lucas and Osgood (4) showed that the virus 
of poliomyelitis might be present in monkeys for five months after recovery from 
an acute  attack of the experimental disease.  They found  (5)  the  incitant of 
poliomyelitis in the filtered nasal secretion of a child four months after a second 
attack of the disease.  The first attack of the disease  had occurred two years 
previously, and Lucas and Osgood  considered  the  second attack a  recurrence, 
believing that the child had harbored the virus during the interval. 
The salivary gland virus of the guinea pig can be obtained at any stage after 
infection  and  throughout  the  subsequent  period  of  |mmunity  (6).  A  similar 
condition  prevails in  contagious  epithelioma  of  fowls  (7).  And  the  blood  of 
horses injected with African horsesickness  virus is infectious for three months (8). 
Moreover, Rivers' Virus III has been found in a transplantable neoplasm of the 
rabbit so long as the tumor lasts.  It should  be noted that the host meantime 
developed an ~mmunity to the virus (9). 
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Noguchi  found vaccine  virus  in  the  lymph nodes  of a  rabbit  28 days after 
inoculation  and  22  days after  cutaneous  immunity was  established  (10).  Re- 
cently,  Douglas, Smith, and Price recovered the virus from the ovary or testicle, 
from the adrenal,  tongue, and brain of rabbits 41 days after infection (11).  Vac- 
cine virus, like Virus III, can persist in neoplasms of rabbits so long as these exist 
(12, 13).  Rivers and Pearce found it after 64 days, and it had induced a resistance 
in  the  rabbit  against  vaccinal  infection  (13).  Winkler  (14) has  reviewed  the 
literature  on the persistence  of vaccinia  and small pox viruses in man and cited 
several significant instances. 
Sufficient references have now been  given to indicate  that the persistence  of 
viruses in recovered, and immune, animals is not an unusual phenomenon.  Special 
mention should be made, however, of the fact that in 1887, L. Pfeiffer concluded 
from clinical observation  mainly that a patient recovered from vaccination,  and 
consequently immune, harbors the virus indefinitely, ]mmRnity being lost when it 
disappears from the body (15). 
Cataphoresis of vaccine drus.  Douglas  and  Smith  (16) have already  shown 
that vaccine virus as contained in suspensions of tissues is, under ordinary condi- 
tions  of hydrogen ion  concentration,  electronegative.  The virus is  capable  of 
migrating  in an electrical field to the positive pole at from pH  =  5.5 to 8.4.  In 
their experiments,  Todd's apparatus (17) for determining  the charge of bacterio- 
phage was used. 
It should be emphasized that in the present  state of knowledge one cannot say 
definitely whether  the virus itself or material  containing  the active agent carries 
the electronegative  charge. 
EXPEI~TMENTAL 
Mode of Procedure 
Certain  steps in the mode of procedure for the isolation of small quantities  of 
vaccine  virus  by cataphoresis  were  taken  on empirical  grounds.  After a  few 
preliminary  experiments  wc discarded  rheostats  and  substituted  the resistance 
offered by the suspensions of tissues  themselves.  We  employed  distilled  water 
for making the suspensions, of which about 90 to 96 cc. were used in each test, and 
we permitted the current to flow over a period of three hours.  That the combina- 
tion of  these  and  other circumstances,  to  be  described  immediately  in  detail, 
proved satisfactory  is exemplified by the fairly  regular  way in which virus was 
obtained from a number of samples that were inactive by ordinary tests. 
The vaccine ~irus.  The type of vaccine virus which was used was the neuro- 
vaccine of Levaditi (18), which we found generally  active in dilutions  of 1:100 
million  of  unfiltered  testicular  suspensions.  Rabbits  were  injected  intracu- 
taneously from 12 to 178 days prior to the cataphoresis  test with testicular  virus, 
• and all showed, after inoculation,  the characteristic  vacclnal l~ious in the skin: 
At the time these rabbits were subjected to the test for presence of virus, they were, 
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The tissue suspension.  Since it was desired  to test  the state of immunity of 
the rabbit after obtaining the results of cataphoresis, the skin, testicles, or spleen 
were  removed  under  ether  anesthesia  and  the  animal  allowed  to  recover: 
The tissues were minced, then ground with sand, and made up with  100 cc. of 
distilled water to a homogeneous suspension.  The water employed had, as a rule, 
a  hydrogen ion concentration of 6.5  to 6.8.  In some instances in which it was 
found desirable to increase the ionic content of the suspension, we employed as a 
vehicle,  not  water  but  phosphate-buffer  solution  (0.25  per  cent  KI-I~PO4) at 
pH  =  7.5  or 7.6.  The mixture was centrifuged very gentiy for the purpose of 
sedimenting large particles.  The more or less turbid suspensions were used for 
cataphoresis,  and  among the  several samples  thus  obtained,  the  hydrogen ion 
concentration varied from 6.3 to 7.8.  This wide range did not influence the results 
of the test apparently.  It should be added that the entire procedure was carried 
out under sterile conditions. 
The catapkoresis apparatus.  An adaptation was made of the method employed 
by Todd  (17)  and by Field and  Teague  (19).  The apparatus  had  the follow- 
ing arrangement: 
A lamp cord was phgged into the house current socket which carded a direct 
current of from 116 to 120 volts and 10 amperes.  At a point on the positive wire 
of the cord was attached a mlUhmpere meter with  gradations on dial permitting 
single  milliampere  readings.  To  both  positive  and  negative  terminals  zinc 
electrodes were attached which were cleaned at the beginning of the  experiments 
and between times with I0 per cent sulphuric acid,  and then covered with an 
~m~lgam of  mercury, so as  to render them non-polarizable. The electrodes  were 
placed  in  a glass  dish  containing 10-20  cc.  of  supersaturated  zinc  sulphate  solution. 
On  ring  stands  were  clamped  three  sterilized,  glass  U tubes,  the  over-all  measure- 
ments of  each being 10 cm. height  and 5.5 cm. width,  with a uniform bore of 1.5 
era.,  and  a capacity  of  from  40-44  cc.  The  curved  part  of  each  U tube  was  plugged 
with sterile  cotton so as to prevent convection currents. The three  tubes were 
connected with  each  other  andwith the  positive  and  negative  electrodes  by  means  of 
small, glass connecting tubes, also U-shaped.  The  over-all measurements of the 
connecting tubes, with the exception of the first, the one which extended from the 
positive electrode to the first U tube, were 6.5 an. height, 3 era. width, the uniform 
bore being 4 mm.  The first connecting tube was constructed with the electrode 
arm much longer, namely, 12 cm., which prevented the zinc sulphate from wander- 
ing into the material in the first U  tube.  The connecting tubes were filled with 
agar gel consisting of 1 per cent agar and 1 per cent sodium chloride in distilled 
water  and  sterilized.  The pH  of the  agar was  6.6, but  positive results  could 
also be obtained when the reaction was adjusted to pH =  7.5 with phosphate-buffer 
solution or sodium hydroxide.  Care was  exercised  to prevent  inclusion of air 
bubbles in the tubes, which could offer gaps to the current.  In addition, a volt 
meter with  single volt readings was employed to .obtain  the  drop in potential 
through the system.  This varied from 115 to 119 volts in the system of U tubes, 
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or 1 to 2 volts less than  the house current voltage, and was therefore between 
about 38 to 39 volts for each. 
The test.  After removal of about 5 cc. of the  tissue suspension intended for 
eataphoresis, part of which was used to determine the hydrogen ion concentration 
and part the activity of the suspension,  from 30-32 cc. of the remainder were 
poured into each of the U  tubes.  The connecting tubes were then adjusted so 
that each end penetrated the fluid in the U tube to the depth of 1 to 1.5 cm.  The 
U  tubes were plugged with sterile cotton and the glass part of the apparatus was 
covered with sterile cotton or gauze to prevent the entrance of air contaminants. 
When hydrostatic equilibrium  was established,  the  current  was turned  on and 
allowed to run for three hours.  After the first 20 minutes there appeared,  as a 
rule, a clearing at the cathodic part of the suspension and a clouding at the anodic 
part of both the suspension and the agar of the connecting tubes.  The change 
was progressive and reached its maximum after about two hours. 
When the  current  was discontinued  after  three  hours,  the  connecting tubes 
were removed.  From 2 to 3 cm. of the agar at each end, corresponding to positive 
and negative poles, was scooped out with a cataract knife.  Into one mortar was 
placed the three anodic portions, and into another the three cathodic specimens. 
These were ground with 1.5 to 2 cc. of Ringer's solution.  The ground agar emul- 
sion was  then  injected  intratesticulariy  by the  usual method into rabbits,  the 
pooled anodic material into one animal  and  the cathodic into another.  If the 
agar  contained  virus,  characteristic  vaccinal  orchitis  developed,  first  showing 
itself in 24 to 48 hours.  In any event, after three to four days, the testicles were 
removed and  suspensions  of them  were injected  into  the  skin  of  normal  and 
of  vaccine-virus  ~mmune  rabbits,  to  confirm  the  original  diagnosis.  Finally, 
either before or after it was learned that virus was present or absent, the animal 
from which the tissue was removed for the cataphoresis test was examined for its 
immunity.  This  was  done  by  injecting  endermlcally  active  vaccine  virus  in 
different dilutions of 1:10 to 1:10,000.  A  control normal rabbit  was slm~larly 
inoculated for comparison.  Immune animals showed within 24 hours the transi- 
tory Jenner-yon Pirquet 'qmmediate reaction," that is, a hyperemia at the site of 
the injections of the 1 : 10 to 1 : 100 dilutions, whereas the normal rabbits responded 
at a later period with the characteristic vaccinal lesions and subsequent secondary 
pustules in the case of all the dilutions. 
As preliminary tests, we studied by means of cataphoresis vaccine-virus infected 
testicles of rabbits, at the height of reaction, suspended in phosphate buffer solu- 
tion at hydrogen ion concentrations of 6, 7.2, 7.5, and 8.  In thoroughly controlled 
experiments,  at  all four reactions  the virus was recovered only at  the  positive 
pole.  We thus confirmed the earlier observation of Douglas and Smith 06) and 
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RESULTS 
Presence of virus in recovered rabbits.  Rabbits were examined which 
had  been  injected  intracutaneously  12,  51,  56,  114,  and  133  days 
before with neurovaccine virus.  The animals had responded to the 
inoculation with characteristic vaccinal skin lesions.  The suspensions 
of  the  testicles  failed in  each  case  to  reveal  vaccine  virus  by the 
ordinary test  of  animal  inoculation;  but,  on  the  other  hand,  they 
yielded  active  virus  after  cataphoresis.  The  identity of  the  virus 
was revealed, first, by the characteristic dermal and testicular reac- 
tions following the injection in the manner described of pooled anodic 
material into normal rabbits, and secondly, by either the "immediate 
reaction" of immunity (the Jenner-yon Pirquet phenomenon), follow- 
ing the injection of the  same material into vaccine-virus  recovered 
animals, or by absence of any reaction in such rabbits.  The corre- 
sponding substance collected at the cathode was uniformly inactive. 
It was found that the active agent could be obtained from the tes- 
ticles of rabbits 133 days after inoculation and 123 days after complete 
recovery from  cutaneous  vaccine-virus  infection. 
Relation of persistence of virus to immunity.  The following protocol 
illustrates the relation of. immunity to the persistence or loss of virus 
in  rabbits  which  had  been  inoculated with  it  a  considerable  time 
before the test for immunity was made. 
Six  rabbits  were  used  in  this  experiment.  2  Rabbit  A  had  been  injected 
intracutaneously with active neurovaccine  virus  133  days before  the  time  of 
eataphoresis;  Rabbit  B,  143  days, and Rabbit  C,  114  days.  In  the case of 
Rabbit  D,  a  portion  of  the  skin  was  removed  for  test  121  days after the 
cutaneous vaccination, a testicle 128 days after it, and the spleen 133 days after. 
The testicles of Rabbit E were taken after 171 days and the spleen after 178 days; 
the testicle of Rabbit F after 170 days, and the spleen after  175 days. x  These 
animals had been vaccinated as follows: 
Rabbit A had been injected endermically with neurovaccine virus in three sites. 
Into each of two areas was put 0.25 cc. of normal rabbit serum plus 0.25 co. of 
virus, and into the third, 0.25 co. of Ringer's  solution and 0.25 co. of virus.  After 
48 to 72 hours all the sites showed characteristic vaccinal lesions, but the individual 
reactions were not marked.  Three other rabbits (controls for the activity of the 
virus)  injected  in a  like manner with the same virus revealed  similar  changes 
in the skin. 
Rabbit B had been treated as was Rabbit A and it responded in a like manner 
to the injections. 
2  Three of the rabbits  were kindly placed at our disposal through the coopera- 
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Rabbit C had been inoculated intracutaneously with a  special mixture of virus 
plus an extract of normal rabbit testicles--a combination which, as Duran-Reynals 
has  shown,  enhances  the  activity  of vaccine  virus  (20).  After  the  endermic 
inoculation of 0.25  cc. of the virus and 0.5 cc. of the normal testicular  extract, 
a  typical lesion was noted which, on the fifth day, had spread considerably over 
the  skin  and  was  surrounded  by numerous  secondary pustules.  The  reaction 
was much more severe than that noted in the other five rabbits. 
Rabbits D, E, and F had been injected endermicaUy with usual stock neurovac- 
cine testicular  virus and  responded to a  moderate  degree with  dermal  vaccinal 
lesions. 
Suspensions of the organs were prepared for cataphoresis and  the tests  were 
conducted as already described.  The following results were obtained: 
The testicular suspension derived from Rabbit A  133 days after the endermic 
inoculation of virus showed after cataphoresis no activity in the testicles of normal 
rabbits;  nor  was  virus  found  in  the  suspension  by  animal  inoculation  before 
applying the cataphoresis test.  Rabbit A was then--5 days later---subjected to 
an immunity test.  It was inoculated into the skin at various points with active 
testicular  virus  in  dilutions  of  1:100  to  1:6,400--to  all  of  which  the  rabbit 
responded with characteristic primary and secondary vaccinal lesions. 
A summary of cataphoresis and immunity tests on the remaining five rabbits 
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Not  immune 
As the protocol and the table  show, four of the rabbits  which had 
been inoculated  endermically with vaccine virus and responded  with 
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133  to  178  days  later.  Two  rabbits inoculated  similarly  yielded 
virus, one from the testicle after 114 days, the other from the spleen 
after  133  days.  The  tissue  suspensions  from  these  latter  animals 
were ineffective by the usual tests of animal  inoculation,  but active 
virus was obtained from them by cataphoresis.  The rabbits which 
failed  to  yield  virus  also  failed  to  show  immunity,  whereas  those 
which  retained  the  virus  exhibited  a  specific  resistance  to  virus 
infection. 
In one instance,  the virus could not be obtained from the skin on 
the  121st day after intracutaneous  injection,  nor  from the  testicles 
on the 128th day, but could be recovered from the spleen on the 133rd 
day.  The single observation suggests that the spleen, as well as the 
testicle, may be concerned with the retention  of virus. 
Relation  of persistence  of ~irus  to  inherited  immunity.  B6cl~re, 
Chambon, and Menard (21) give an instance suggesting that vaccinal 
virus may be trimsmitted through  the placenta and affect the fetus. 
A patient  was vaccinated during infancy and re-vaccinated on entry into  the 
hospital, when she was eight months advanced in pregnancy.  The re-vaccination 
caused an "immediate  reaction"  of hyperemia, showing that  she still retained 
immunity.  Parturition  occurred one month  later,  when blood serum obtained 
from both the mother  and  the new-born child  (umbilical cord blood) showed 
distinct  virus-neutralizing power.  In addition,  two attempts at vaccination of 
the infant, at 6 and 14 days' age, were unsuccessful. 
Ohtawara  (22), in studying this problem by means of experiments 
on  rabbits,  also  concludes  that  vaccine  virus  passes  through  the 
placenta and can consequently be found in the young.  He believes~ 
however, that the virus is present in the new-born only when it exists 
in the blood of the mother at the time of parturition. 
The  next  experiment,  while  providing  a  parallel  to  this  clinical 
instance,  adds support to the view that there may be a  relationship 
between  the  persistence  of  vaccine  virus  in  an  animal's  body and 
immunity  to it. 
We injected two pregnant rabbits  endermically with vaccine virus, and later, 
after the young were born and a few weeks' old, each of the litter was subjected 
to a test for the presence of virus and of immunity. 
a)  Rabbit A was inoculated intracutaneously with active virus 16 days before 
giving birth to three young.  The animal responded with characteristic primary 270  VACCINAL  ]'M-M'UNITY  IN RABBITS 
and secondary vaccinal lesions.  Two days before the birth  of the young,  the 
rabbit was normal in  appearance. 
Two of the young, both females, were tested 32 and 62 days respectively after 
birth by the injection endermically of active vaccine virus in dilutions  of 1:100 
to 1 : 1000.  They proved completely resistant to infection.  A male of the litter 
was castrated under ether when 35 days old and allowed to recover, for the purposes 
of a later immunity test.  The tesficular suspension  as such proved inactive, but 
after  cataphoresis  anodic  material  induced  in  a  normal  rabbit  characteristic 
vaccinal orchitis.  The height of the reaction occurred on the fifth day, when the 
involved testicle was removed and a  suspension  of it injected into  the skin of 
another normal rabbit.  Dilutions of 1:10 to 1:1000  induced characteristic pri- 
mary and secondary vaccinal lesions, although the same suspension  in dilutions of 
1 : 10 to 1 : 100 only caused the transitory "~mmediate reaction" after inoculation 
into  a  vaccine-immune animal.  The young rabbit  which  had  originally  been 
castrated  was  injected  endermlcally when  52  days old  with  active, controlled 
virus in dilutions  of 1 : 100 to 1:1000.  It proved completely resistant to infection. 
b)  Rabbit B  was inoculated intracutaneously with virus 28  days before she 
gave birth to a  litter of young.  Characteristic vaccinal lesions  resulted which 
were healed at the time of parturition.  One of the young, a female, was inoculated 
cutaneously  with  virus  at  the  age  of 32  days.  Lesions  of  vaccinal infection 
developed in dlidtions up to 1:100,000.  Two others of the litter, also females, 
were likewise found to be susceptible to vaccine-vires infection. 
From this  experiment it  can be inferred that  vaccine virus passes 
through the placenta of the rabbit and consequently can be found in 
the fetus.  As in the case of man, the placental passage is not a  con- 
stant phenomenon.  The results support, therefore, the earlier obser- 
vations  of  Ohtawara  (22). 
In one of the two tests just described,  the virus was obtained from 
the  testicle  of  one  of  the  resistant  young  of  a  recently  vaccinated 
mother.  This young rabbit was itself resistant to vaccinal re-lnfection 
when tested more than  two months after birth. 
In the second test, dealing with a litter of three females from which 
no  suitable  tissues  were  taken  for  cataphoresis,  all  of  the  offspring 
were susceptible to vaccinal infection.  In this  case the mother was 
inoculated  28  days before the  birth of the young. 
DISCUSSION 
The results  of the experiments presented herewith would seem to 
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persistence of virus in  the  body for  an  indefinite period.  During 
this period, the animal appears to be resistant to re-infection; on the 
other hand, when the virus eventually disappears from the tissues, 
immunity is lost.  We have found that by applying cataphoresis to 
the tissues of animals long previously infected with vaccine virus and 
still  resistant,  we  could recover  the  virus,  whereas  none  could be 
obtained from rabbits  similarly inoculated but  no longer immune. 
The results of recent experiments on virus-immune serum reactions 
are in line with the conception here discussed.  The older view is that 
virus  is  destroyed by  certain  "virucidal"  agents,  or  is  completely 
eliminated  from  the  body  on  recovery  from  infection.  Recently, 
Todd, Andrewes,  and ourselves  (1,  23)  have  demonstrated that in 
some cases at least immune serum does not act either in vivo or in 
dtro  in  a  manner to  destroy virus.  Now it has been  shown as  a 
corollary that a virus can be obtained from animals' tissues long after 
recovery from infection.  The fact that up to the present time it has 
been  impossible to  secure  active  immunity against  filterable-virus 
diseases unless living virus is used (24) can be viewed as corroboratory 
evidence.  The unusual case of Lucas and Osgood (5)  of a  second 
attack of poliomyelitis in a child after two years can be explained as 
due to an absence of virus at that time in the patient, with consequent 
loss of immunity.  The consensus of opinion is that man should be 
re-vaccinated within seven years because the immunity conferred by 
vaccination may be lost within this period.  In the experiments here 
presented,  certain  rabbits  failed  to yield vaccine  virus  from their 
tissues after 133, 143, 170, 171, 175, and 178 days; and each of these 
animals was shown to be susceptible to re-infection. 
CONCLUSIONS 
1.  By means of cataphoresis vaccine virus can be obtained from 
suspensions of tissue which are inactive by the usual tests of ani- 
mal inoculation. 
2.  Active virus can be obtained by cataphoresis from the tissues 
of rabbits long recovered from the effects of cutaneous vaccination. 
3.  Evidence is brought forward which suggests that immunity in 
a  virus disease, such as vaccinia, may be linked with the persistence 
in the body of living virus. 272  VACCINAL ~I~rUNITY IN  RABBITS 
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